Phacomatosis pigmentovascularis is a rare group of syndromes characterized by the co-existence of a vascular nevus and a pigmentary nevus with or without extracutaneous systemic involvement. The existing classifi cations of phacomatosis pigmentovascularis are based on phenotypic characteristics. We report four new cases of phacomatosis pigmentovascularis, three with phacomatosis cesiofl ammea demonstrating phenotypic variability, and one with phacomatosis cesiomarmorata. Extracutaneous manifestations were observed in three patients (75%) that included central nervous system involvement in three, bilateral congenital glaucoma in two, and cardiovascular system involvement in one. The molecular basis of phacomatosis pigmentovascularis is yet to be elucidated. Whether the various subtypes of phacomatosis pigmentovascularis are separate molecular entities or phenotypic variants of the same disease needs to be settled.
INTRODUCTION INTRODUCTION
Phacomatosis pigmentovascularis is characterized by an association of a vascular nevus with an extensive pigmentary nevus. The first published case dates back to 1910 but the condition was elucidated first by Ota et al. in 1947 . [1, 2] In 1985, Hasegawa and Yasuhara classified it into four types based on the pigmentary nevus component, each type further subclassified as (a) having only cutaneous signs or (b) with extracutaneous manifestations. [1] A fifth type was added to this classification later. [3, 4] In order to simplify matters, Happle in 2005 reclassified phacomatosis pigmentovascularis into three major types: (1) phacomatosis cesioflammea, (2) phacomatosis spilorosea and (3) phacomatosis cesiomarmorata [ Table 1 ]. [5] There have been mostly isolated case reports with only a few series describing larger cohorts of patients. [6] [7] [8] A 2008 review included 222 cases and to date, around 250 cases have been reported. [8] Most (75%) patients represent phacomatosis cesioflammea. [6] [7] [8] We report four new cases of phacomatosis pigmentovascularis based on the existing classification scheme.
CASE REPORTS CASE REPORTS
Case 1 An infant [ Table 2 , Patient 2] born to nonconsanguineous parents was referred to As'ad Al-Hamad Dermatology Center, Kuwait with widespread bluish spots on a background of mesh-like erythema noticed at birth. She was diagnosed to have bilateral congenital glaucoma soon after birth for which bilateral trabeculotomy and trabeculectomy with intraoperative application of mitomycin C were performed. She showed a good response to these Phacomatosis pigmentovascularis: Report of four Phacomatosis pigmentovascularis: Report of four new cases new cases procedures and was under follow-up with a pediatric ophthalmologist. On examination, her height, weight and head circumference were at the 25 th percentile. She was observed to have widespread bluish-gray patches occupying most of her trunk and extremities with a background of generalized reticulate erythema [ Figure 1a ]. She also had two small infantile hemangiomas, one each on the right thumb and little finger. There was a discrepancy in the length and girth of the lower limbs with the right limb being shorter by 2 cm and its girth (both mid-thigh and mid-calf) being 4 cm less than the left lower limb [ Figure 1a ].
Magnetic resonance imaging of the brain showed a prominent sylvian fissure, reduced volume of deep white matter and prominent cortical sulci with pseudoschizencephaly (prominent fissure) between the parietal and occipital cortices. Magnetic resonance angiography of the brain revealed that the A1 segment of the right anterior cerebral artery was absent [ Figure 1b] , with the A1 segment of the left anterior cerebral artery supplying A2 segments of both anterior cerebral arteries. The right posterior communicating artery was also absent [ Figure 1c ]. Overall, these findings were consistent with mild cortical atrophy and congenital arterial abnormalities. Magnetic resonance angiography and venography of abdominal and lower limb vessels were normal. An echocardiogram showed left atrial isomerism, absent inferior vena cava with hemiazygos continuation to innominate veins, and a mild atrial septal defect. Various other investigations including ultrasonography of the abdomen, complete blood counts, serum biochemistry and urinalysis were normal.
Case 2
This patient [ Table 2 , Patient 2] was referred to us for evaluation of a widespread vascular nevus and a blue nevus. The firstborn of non-consanguineous parents, she was delivered at term by elective Cesarean section due to brow presentation and prolonged labor. The birth weight was 3.2 kg and she was noticed to have macrocephaly with bilateral eyelid edema soon after birth. On examination, her height and weight were at the 50 th percentile and head circumference at the 95 th percentile. She was observed to have a nevus flammeus occupying most of her face and diffuse reticulate erythema affecting the chest, shoulders and upper and lower extremities bilaterally [ Figure 2a ]. She also had multiple large, widespread, bluish-gray patches on the trunk, extremities and face [ Figure 2a ].
Both computerized tomographic scan and magnetic resonance imaging with contrast revealed widening of the space between skull and brain [ Figure 2b ]. There was no calcification or evidence of brain atrophy. Magnetic resonance angiography was reported as normal. Magnetic resonance venography showed many tortuous dilated vessels [ Figure 2c ]. Eye examination showed mild bilateral glaucoma and astigmatism. The routine laboratory work-up and ultrasonography of the abdomen were found to be normal.
Case 3
A child [ Table 2 , Patient 3] presented to us with a vascular nevus admixed with a pigmented nevus, present since birth. There were no associated medical complaints. Her parents were not consanguineous and her developmental milestones had been normal.
On examination, her height, weight and head circumference were appropriate for her age. She was observed to have a large nevus flammeus affecting the right side of her face and right ear and diffuse reticulate erythema on her neck, upper trunk and extremities. There was also diffuse background dermal melanosis on the upper back, shoulders and upper arms. The routine laboratory tests, ultrasound abdomen, 
Case 4
This patient [ Table 2 , Patient 4] was referred to us with multiple erythematous macules on the lower limbs, noted at birth. Her birth history was unremarkable and her parents were non-consanguineous. She had recurrent seizures refractory to treatment from 3 days after birth, central hypotonia and developmental delay, starting to sit at age 1 year; at age 1½ years, she was still not standing or walking.
On examination, her height was at the 25 th percentile and weight below the 10 th percentile. She had mild facial dysmorphism with frontal bossing, hypertelorism and a convergent squint of the left eye. Cutaneous examination revealed multiple erythematous vascular nevi in a phylloid pattern distributed on the left extremity [ Figure 3a ] with a few on the right. In addition, she had multiple Mongolian spots on the buttocks, back and shoulders and a nevus anemicus on the upper back [ Figure 3b ]. An electroencephalogram showed a markedly abnormal record with slower than normal background activity on both sides. There were high-amplitude sharp and slow waves seen in the temporo-occipital and centro-lateral leads with several short, irregular but high voltage spikes. Magnetic resonance imaging of the brain done twice at yearly intervals, routine laboratory work-up, ultrasound abdomen and echocardiogram were all normal.
DISCUSSION DISCUSSION
Based on the existing classification schemes [ Table 1 ], our case 1 can be characterized as phacomatosis Table 2 ]. The word 'caesius' used in Happle's classification is Latin for 'bluish-gray.' [5] Though the vascular lesions in all the three types in this classification (nevus flammeus, nevus roseus and cutis marmorata telangiectatica congenita) [5] are considered separate clinical entities and help to classify cases, histologically they are all capillary malformations. [9] Nevus roseus refers to a light red or pale pink birthmark contrasting with the dark hue of nevus flammeus whereas in cutis marmorata telangiectatica congenita, the lesions tend to be reticulate. Considerable overlap of these lesions may be observed in several cases as among cases 1, 2 and 3 above [ Table 2 ]. [10] Similarly, extracutaneous features may overlap among the different types of phacomatosis pigmentovascularis. [6] [7] [8] [10] [11] [12] [13] Conversely, a wide range of phenotypic variability, as evident in the three cases of phacomatosis cesioflammea described in this report [ Table 2 ], has been reported within each type of phacomatosis pigmentovascularis. [6] [7] [8] [10] [11] [12] [13] Once the condition is suspected clinically, investigations including magnetic resonance imaging, magnetic resonance angiography and venography of the brain, echocardiogram, detailed eye examination, skeletal survey and other relevant investigations to be done if the organ system is clinically suspected to be affected. They help to confirm the diagnosis and properly delineate the phenotypic characteristics in a given case. This further helps to differentiate this condition from other vascular syndromes including Sturge-Weber syndrome, Klippel-Trenaunay syndrome, blue rubber bleb nevus syndrome and Adam Oliver's syndrome.
Whether all the clinical variants of phacomatosis pigmentovascularis represent different entities at the molecular level is not yet settled. The sporadic nature and mosaic distribution of skin lesions suggest a postzygotic mutation. The concept of non-allelic twin spotting (didymosis), in which twin spots consisting of two genetically different clones of embryologically distinct neighboring cells are generated by somatic recombination on a background of normal cells, was proposed earlier to explain phacomatosis pigmentovascularis. [14] An interesting observation has been made recently in patients of phacomatosis pigmentokeratotica that was also earlier proposed to be an example of non-allelic twin spotting. [15] In phacomatosis pigmentokeratotica, authors have shown postzygotic activating HRAS [Harvey rat sarcoma viral oncogene homolog] mutations in multipotent progenitor cells that were observed to give rise to both nevus sebaceous and melanocytic nevi, thus documenting it to be a mosaic RASopathy. [15] This observation negates the hypothesis of non-allelic twin spotting in this condition and it is now proposed that phacomatosis pigmentovascularis is a pseudodidymosis.
[16] Since this could be true for other binary disorders as well, the concept of didymosis in these conditions has been considered untenable. [15, 16] The gene/s responsible for phacomatosis pigmentovascularis is/are yet to be identified. Recently, somatic mutations of GNAQ [guanine nucleotide binding protein (G protein), q polypeptide] gene were identified in both port wine stains and Sturge-Weber syndrome indicating that there is a single underlying mechanism for Sturge-Weber syndrome and nonsyndromic port wine stains. [17] Moreover, activating GNAQ mutations have also been identified in blue nevi, extensive nevi of Ota and uveal melanoma. [18] Sturge-Weber syndrome, blue nevi, nevi of Ota and uveal melanoma have all been reported in association with phacomatosis pigmentovascularis. [8, 19] Whether GNAQ mutations or mutations of other genes in pluripotent progenitor cells are responsible for various phacomatosis pigmentovascularis phenotypes needs to be determined.
Treatment
and prognosis of phacomatosis pigmentovascularis depends upon the organ systems affected. For cutaneous lesions, a combined laser including Q-switched alexandrite laser for pigmented lesions and pulsed-dye laser for vascular lesions seem to be appropriate. [20, 21] Since most cases arise sporadically without any risk in subsequent pregnancies, prenatal screening is not necessary and this helps in reassuring patients/parents during genetic counseling.
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